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Hemodialysis (HD) for critically ill patients with acute renal
failure has been provided as intermittent hemodialysis (IHD)
or continuous renal replacement therapy (CRRT). IHD is often
complicated by hypotension and inadequate fluid removal,
and CRRT by high cost of solutions and problems with
anticoagulation. Sustained low-efficiency daily dialysis (SLED)
has been suggested as an alternative treatment. This is an
observational, prospective pilot study describing the
introduction of SLED at our institution. We compared SLED
(23 patients, 165 treatments) with CRRT (11 patients, 209
days), focusing on cost, anticoagulation, and small solute
removal. SLED consisted of 8 h of HD 6 days a week, with
blood flow of 200 ml/min, dialysate flows of 350 ml/min,
and hemofiltration with 1 l of saline/h. CRRT patients were
anticoagulated with either heparin or citrate, and SLED
patients with either heparin or saline flushes. The weekly
costs to the hospital were $1431 for SLED, $2607 for CRRT
with heparin, and $3089 for CRRT with citrate. Sixty-five
percent of SLED treatments were heparin-free; filter
clotting occurred in 18% of heparin treatments and 29% of
heparin-free treatments (NS). Weekly Kt/V was significantly
higher for SLED (8.471.8) and time-averaged serum
creatinine was lower; equivalent renal clearance (EKRjc) was
2976 ml/min for SLED, similar to that for CRRT. In summary,
SLED may be routinely performed without anticoagulation; it
provides solute removal equivalent to CRRT at significantly
lower cost.
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Hemodialysis (HD) for patients in intensive care units
(ICUs) who have developed acute renal failure (ARF) has
traditionally been provided as intermittent hemodialysis
(IHD) or continuous renal replacement therapy (CRRT).
IHD is often complicated by hypotension and inadequate
fluid removal. Delivery of adequate solute removal is also
problematic for a variety of reasons.1 Although CRRT
addresses some of the drawbacks of IHD, it is associated
with significantly greater complexity, the need for continuous
anticoagulation, and substantially higher costs.2 Comparative
studies between IHD and CRRT have been few in number
and inconclusive in terms of outcomes.3
Recently, prolonged HD using conventional equipment
has been described as an alternative therapy. The most
frequently used terms are extended daily dialysis,4 sustained
low-efficiency dialysis (SLED),5 and sustained low-efficiency
daily diafiltration.6 (For convenience, we will use the term
SLED to describe these treatments.) The attributes of these
protocols are summarized in Table 1, along with the SLED
protocol used in this study. All have in common the use of
conventional HD machines, but with blood pump speeds and
dialysate flow rates intermediate between IHD and CRRT.
Treatment duration and frequency are greater than in IHD.
Hemodynamic tolerance and small solute clearance have
been good, whereas the complexity and the workload for ICU
staff were significantly reduced.4–7
SLED has been adopted worldwide on a significant scale:
in a 2004 survey, 24% of respondents used SLED for ICU
ARF.8 Despite this, most of the descriptions of SLED come
from only three centers, all of which used Fresenius dialysis
machines.4-7,9 We initiated a pilot SLED program in one of
our ICUs and wished to prospectively study and describe our
experience. We focused on cost, anticoagulation, and urea
kinetics, comparing SLED to CRRT.
Regarding cost, we wanted to determine whether the cost
advantage of IHD over CRRT2 also existed for SLED,
considering that SLED is performed more frequently and
for a longer duration than IHD. Regarding anticoagulation,
we wanted to assess whether SLED could be safely and
efficiently performed without anticoagulation. Finally, we
wanted to provide information on small solute removal by
SLED. There is currently no practice standard regarding
either the target dose of dialysis for ARF or the most
appropriate method to measure dialysis dose. We elected to
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document small solute clearance using a variety of methods
including normalized equivalent renal clearance (EKRjc), as
recently described by Casino and Marshall.10
RESULTS
Study population
Eleven patients received CRRT for a total of 209 days, and 23
patients underwent SLED for 165 treatments. Mean actual
dialysis time was 21.370.5 h/day for CRRT and 7.571.1 h/
day for SLED treatments. Clinical details of the patients are
listed in Table 2. SLED was generally very well tolerated; in
142 of 165 SLED sessions (86%), blood pressure remained
stable. In 23 SLED sessions, there was some degree of
hemodynamic instability: in 17 sessions, hypotension was
transient and resolved with discontinuation of ultrafiltration,
small saline bolus, or albumin; in four sessions, there was
need for increased inotropic support; in two sessions, SLED
had to be discontinued because of hypotension and
ventricular tachycardia. Mean daily ultrafiltration was
1.171.0 l for the CRRT cohort and 1.871.1 l for the SLED
cohort. Six of 11 patients treated only with CRRT survived to
hospital discharge compared with 10 of 23 patients who were
treated with SLED.
Cost
The daily and weekly cost of SLED and CRRT are shown in
Table 3. The major cost difference between the treatments
was owing to filter sets and dialysate, which are more
expensive for CRRT. The filter/tubing set for CRRT cost $185,
whereas the filter and tubing for SLED cost $35.60. Solutions
used for CRRT cost either $5.50/l (Hemosol BO) or $7.70/l
(Normocarb), whereas dialysate produced for SLED cost
about $0.09/l. Average cost per treatment was calculated at
about $240 for SLED. The average daily cost of CRRT with
regional citrate anticoagulation was $440, and for CRRT with
heparin $335. The difference in cost between SLED and
CRRT on a weekly basis was amplified by the difference in the
number of treatments, six vs seven.
Anticoagulation
For CRRT, heparin was used in 12% of treatments and citrate
in 86%. In 2%, no anticoagulation was used owing to
coagulopathy. For CRRT, the average filter life was 47 h for
citrate treatments and 22 h for heparin treatments (P¼ 0.03).
For SLED, heparin was used in 35% and saline flushes in 65%
of treatments. Clotting of the filter requiring filter replace-
ment occurred in 11 of 60 SLED treatments using heparin
(18%), and in 31 of 105 treatments with saline flushes (29%).
No SLED treatment required more than two filters. No
patient experienced blood loss.
Solute removal
For CRRT, average urea clearance was 44.5715 l/day,
equivalent to a delivered dialysis dose of 24.1 ml/kg/h. The
corresponding Kt/V for CRRT was 1.070.3/day, or a weekly
Kt/V of 7.172.2 (Table 4). For the SLED treatments, the
dialysate-sided urea clearance (K) determined during the first
SLED treatment in 22 of the 23 patients was 140715 ml/min.
Formal urea kinetic modeling was performed on 20 patients
using data from an average of 3.4 treatments/patient. The
mean/treatment Kt/V was 1.3970.3 (range 0.98–2.09). The
projected weekly Kt/V for six treatments/week was 8.471.8.
Table 1 | Treatment parameters for current and previous
SLED studies
Author




et al.6 This study
Treatment name EDD SLED SLEDD-f SLED
Hours/day 7.5 12 8 8
Days/week 6–7 6–7 4–7 6
Blood pump
speed (ml/min)
200 100 300 200
Dialysate flow
(ml/min)
300 200 200 350
Replacement
fluid (ml/min)
— — 100 17
EDD, extended daily dialysis; SLED, sustained low-efficiency dialysis; SLEDD-f,
sustained low-efficiency daily diafiltration.
Table 2 | Patient data
CRRT SLED
Number of patients 11 23
Treatment days (median) 209 (13) 165 (6)
Actual dialysis time (h) 21.375 7.571.1
Age (years) 55715 60712
Sex (male/female) 7/4 14/9
Weight (kg) 77715 77720
APACHE II 26.378 24.477.3
Reason for ICU admission
Sepsis 4 8
Respiratory failure 1 6
Multiple organ failure 4 4
Other 2 5
Post-surgery
Liver transplant 3 3
Lung/heart transplant 2 1
Thoracic 3 4
Other 1 3
Cause of acute renal failure
ATN 10 19
Other 1 1
ESRD patients (number) 0 3
APACHE, acute physiology and chronic health evaluation; ATN, acute tubular
necrosis; CRRT, continuous renal replacement therapy; ESRD, end-stage renal
disease; ICU, intensive care unit; SLED, sustained low-efficiency dialysis.
Table 3 | Daily and weekly cost of SLED and CRRT
SLED ($) CRRT citrate ($) CRRT heparin ($)
Supply cost/day 69.75 402.80 334.95
HD RN cost/day 168.75a 37.50 37.50
Total cost/day 238.50 440.30 372.45
Total cost/week 1431 3089 2607
CRRT, continuous renal replacement therapy; HD, hemodialysis; RN, registered
nurse; SLED, sustained low-efficiency dialysis.
aNote: Based on one HD nurse treating two patients.
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Morning (pre-dialysis for SLED) serum creatinine values
after 3 days (once steady state was reached) were lower in the
SLED cohort compared with the CRRT cohort, although the
difference did not reach statistical significance (Table 4).
Time-averaged serum creatinine after reaching steady state
was 136749 mmol/l for the CRRT cohort and 95749 mmol/l
for the SLED cohort (P¼ 0.03).
In 20 of the 23 patients in the SLED cohort, there were no
missing laboratory values over a number of SLED days
varying from 2 to 16, allowing calculation of time-averaged
concentration of urea, EKRj, and EKRjc. Mean EKRj was
3177 ml/min and mean EKRjc was 2976 ml/min (Table 4).
Time-averaged concentration of urea was 7.072.9 mmol/l;
mean pre- and post-dialysis urea values for all the SLED
patients were 9.575.1 and 3.771.8 mmol/l, respectively.
Mean EKR for the CRRT treatments was 30.878.8 ml/min
and EKRc was 28.179.6 ml/min.
DISCUSSION
The purpose of this study was to compare SLED with CRRT
regarding cost, anticoagulation, and solute removal. The
protocol we used for SLED was most similar to that of Kumar
et al.,4 who described extended daily dialysis using Fresenius
20008H dialysis machines with blood flows of 200 ml/min,
dialysate flows of 300 ml/min, and treatment duration and
frequency of 7.5 h 6 or 7 days a week. However, our dialysate
flows were higher (350 ml/min, the minimum permitted with
the Gambro Integra machine) and our patients were
somewhat sicker acute physiology and chronic health
evaluation (APACHE II) scores 24.4 vs 20.1 for Kumar’s
patients. Most of the SLED treatments were very well
tolerated, with no hemodynamic instability noted (86%).
Hypotension during SLED was transient and resolved with
usual maneuvers employed during regular IHD session:
discontinuation of ultrafiltration, saline bolus, or albumin
infusion. Only four (2.6%) of SLED sessions required
increase in inotropic support. SLED was interrupted because
of ventricular tachycardia on two occasions, both occurring
in the same patient, who could not be resuscitated after the
second event.
Cost
Manns et al.2 have performed a detailed cost analysis of
CRRT compared with IHD in ICU patients in Calgary,
Canada. IHD performed on average 3.9 days a week was
substantially less expensive than CRRT. The daily cost of IHD
(excluding physician billing fees of $105/treatment day) was
$239, virtually identical to the cost we ascertained for SLED
($238.50). For continuous veno-venous hemodialysis with
heparin, their daily cost was $421, and for continuous veno-
venous hemodiafiltration with citrate anticoagulation, it was
$626 (exclusive of physician billing fees). Both of these values
are somewhat higher than what we determined; the major
difference seems to be in the assignment of laboratory costs
for testing of ionized calcium, which amounted to about
$260/day and accounted for the difference in daily costs
between their study and ours. The weekly cost of SLED in our
study was greater than that determined by Manns ($1431 vs
$932) because of the increased frequency of treatments.
Despite this, SLED cost about $1600 less/week than CRRT
with citrate and about $1200 less/week than continuous
veno-venous hemodialysis with heparin.
If an HD nurse performed SLED on a single patient, per
treatment cost increases by about $170 and the weekly cost
for SLED rises to approximately $2450, similar to the cost of
CRRT with heparin, but still substantially less than the cost of
CRRT with citrate. SLED has been performed entirely by ICU
nurses in at least one center,6 and this is also the next step for
our program. This approach would reduce daily costs for
SLED further, but there would obviously be significant
training costs, and likely ongoing need for input from the HD
program. If SLED was to be compared with CRRT protocols
using higher dialysate/replacement flow rates of 35 ml/kg/h,
as recommended by Ronco et al.,11 the cost difference
becomes greater as the cost of CRRT with citrate increases to
$3700/week, and of CRRT with heparin to $3100/week.
It appears that under almost all conditions, SLED is
significantly less expensive than CRRT with citrate, and could
potentially save a health-care institution up to $2000/week
for every patient treated (depending on the protocols and
personnel used).
Anticoagulation
Systemic anticoagulation with heparin is the standard
approach to prevent filter clotting in both CRRT and IHD.
However, in the ICU, heparin is frequently contraindicated
and it was avoided in approximately 75% of our patients.
Saline flushes in heparin-free IHD treatments are widely
accepted and were applied to SLED treatments by both
Kumar et al.4 and Marshall et al.5 In Kumar’s study of
extended daily dialysis, the majority of patients (68%) were
treated with heparin.4 Filter clotting occurred in 17% of
heparin treatments and 27% of heparin-free treatments. In
Marshall’s description of SLED, 28% of treatments were
performed without heparin; filter clotting occurred in 26% of
treatments with no difference in clotting rate between
heparin and heparin-free treatments.5 Our experience was
remarkably similar to that of Kumar regarding filter-clotting
rates (18% with heparin and 29% with no heparin), but we
avoided heparin use in 65% of SLED treatments with no









Weekly Kt/V 7.172.1 8.471.8 o0.001
EKRj (ml/min) 31710 3177 NS
EKRjc (ml/min) 2879 2976 NS
CRRT, continuous renal replacement therapy; NS, not significant; SLED, sustained
low-efficiency dialysis.
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significant adverse events. Our data suggest that SLED may
readily be performed without systemic anticoagulation.
Small solute clearance
Solute removal in ARF is plagued by (1) lack of practice
guidelines, (2) uncertainty regarding the best method of
quantifying solute removal, and (3) controversy over the
relative merits of small vs large molecule removal (HD vs
hemofiltration).
The fractional clearance of urea (Kt/V) is the most used
method to quantify adequacy of IHD, and has been applied
to patients with ARF treated by IHD and SLED. The
application of Kt/V to assess CRRT has been criticized, but
the fact remains that if the values of K, t, and V are known or
can be estimated, a value for Kt/V can be determined.
However, the inherent efficiency of continuous therapies
(such as CAPD or CRRT) provides outcomes similar to
intermittent therapies (such as IHD) that may have much
higher values for Kt/V. For CRRT, we calculated the total
daily volume of dialysate effluent as a surrogate for Kt (as
urea reaches equilibrium with blood in this setting) and
estimated V from body weight. For SLED patients, we
applied variable volume single-pool formal urea kinetic
modeling. Marshall et al.9 have demonstrated that post-
dialysis urea rebound in SLED is negligible so that single- and
double-pool Kt/V calculations provide similar results. The
Kt/V determined for SLED (1.3970.3) was remarkably
similar to the value determined by Marshall et al.5,9 for
sustained low-efficiency daily diafiltration (1.43) and for
SLED (1.40). As six treatments were provided, mean weekly
Kt/V was 8.4. This is substantially higher than the value for
weekly Kt/V of 5.8 for daily IHD in the study of Schiffl et al.12
The mean weekly Kt/V for CRRT in our study by comparison
was also significantly lower at 7.1.
EKR is felt by a number of authors to be the best method
for estimating the effect of dialysis on a patient, as it is
independent of treatment type and frequency.10,13 Casino
and Marshall10 have recently developed a modification of the
original EKR calculation for SLED using urea removal rate to
calculate EKRj. Furthermore, EKRjc normalizes clearance to
the patient’s average post-dialysis urea distribution volume
and is corrected for an arbitrary urea distribution volume of
40 l, similar to the common practice of expressing glomerular
filtration rate to body surface area. EKRjc has the additional
advantage of not requiring and accurate estimate of V; errors
in the estimation of V within 25% of the true value
correspond to errors in EKRjc of not more than 5%.
10
Applying Casino and Marshall’s algorithms for the first
time in clinical practice, we calculated EKRj at 3177 ml/min
and EKRjc at 2976 ml/min. The corresponding values for
CRRT were EKR of 30710 ml/min and EKRc of 2879 ml/
min. To put these values in perspective, Liao et al.13 have
modeled IHD, SLED, and CVVH to predict EKR using
standard prescriptions. For daily IHD, EKR was 21.1 ml/min,
for daily SLED, 31.3 ml/min, and for CVVH at 35 ml/kg/h,
33.8 ml/min. Therefore, our calculated value for EKRj in
SLED treatments is remarkably close to predicted values and
also very similar to high-volume hemofiltration. As expected,
the EKR for CRRT was similar to that of SLED, even though
the weekly Kt/V was lower, reinforcing the concept of the
inherent efficiency of continuous treatments.
We also measured morning serum creatinine in all
patients (part of the ICU routine) and post-dialysis for
SLED patients. Although not used as a measure of adequacy
in ARF, serum creatinine is familiar to all nephrologists and
has the advantage over blood urea of being unaffected by
protein catabolism or nutrition. Once steady-state conditions
had been reached after 3 days of dialysis, the mean time-
averaged serum creatinine was significantly lower in the
SLED patients compared to those receiving CRRT.
Limitations
This was an observational, prospective study; assignment of
patients to SLED or anticoagulation method was not
randomized. For this reason and because of small patient
numbers, no conclusions may be reached on clinical
outcomes (mortality or morbidity rates). However, there
were enough treatment days in each group to permit useful
comparative data for the parameters of interest to us.
Conclusion
Our experience confirmed the results of previous studies that
found SLED to be a safe and effective treatment for acutely ill
patients with ARF. We have provided new information on the
cost of SLED and on solute removal using a new method of
measuring EKR. Until the large multi-center study underway
with the Veterans Affairs System in the United States
comparing IHD, continuous veno-venous hemodiafiltration,
and SLED provides us with more robust information,14 we
conclude that SLED is an appropriate standard for dialysis in
critically ill patients. SLED may be routinely performed
without anticoagulation and provides solute removal equiva-
lent to CRRT at significantly lower cost.
MATERIALS AND METHODS
This was an observational, prospective pilot study describing our
experience of introducing SLED as a new HD modality in the
Medical-Surgical Intensive Care Unit at the Toronto General
Hospital. In our unit, CRRT had previously been the standard of
care for ARF.
CRRT group
We decided to first document our experience with CRRT and
collected data from all patients undergoing continuous veno-venous
hemodialysis or CVHDF from May to July 2004. The CRRT circuit
was set up by HD nurses with subsequent management by ICU
nurses. CRRT was performed using the PRISMA machine (Gambro
Canada, Richmond Hill, Ontario, Canada) and the M100 filter set
(AN 69 membrane, 1.0 m2). The anticoagulation method was
decided jointly by the nephrologist and ICU staff based on the
perceived risk of systemic anticoagulation with heparin. For heparin
treatments, the dialysate used was Hemosol BO (Gambro) at a usual
rate of 20–25 ml/kg/h. For citrate anticoagulation, the dialysate was
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Normocarb (bicarbonate with no calcium, Dialysis Solutions Inc.,
Richmond Hill, Ontario, Canada); most patients required saline
hemofiltration to prevent metabolic alkalosis.15 Patients’ clinical and
demographic information collected included gender, age, comor-
bidity, APACHE II score upon ICU admission, cause of ARF, and
laboratory values at the start of the first CRRT treatment.
Subsequently, the HD nurses recorded daily detailed information
regarding CRRT therapy, including type of anticoagulation (heparin
or citrate), volumes and types of solutions, ultrafiltration rate, and
incidence of circuit clotting and filter replacement. Laboratory data
were retrieved from the hospital computerized medical record.
SLED group
SLED was introduced in the same unit starting in August of 2004.
For practical reasons, it was decided that SLED would be carried out
for 8 h 6 days a week (Monday–Saturday) and could only be started
between 0800 and 1600 hours. SLED was performed by HD nurses,
with one nurse treating two patients simultaneously. All patients
requiring HD were considered candidates for SLED. However, the
patients who needed to start treatment on an urgent basis after 1600
hour or on Sunday were started on CRRT. This was also the case for
the patients who could not be paired, as one HD nurse could only
perform SLED for two patients at a time. The total number of
patients studied between August 2004 and January 2005 was 23,
with 165 SLED treatments.
SLED was performed using conventional HD machines (Integra,
Gambro Canada, Richmond Hill, Ontario, Canada). The blood flow
was 200 ml/min, the dialysate flow was 350 ml/min, and hemofiltra-
tion of 1 l/h with isotonic saline replacement fluid was added. A high
flux 1.4 m2 polyethersulfone dialyzer was used (Bellco Diapes 140G,
Genpharm, Etobicoke, Ontario, Canada). The final concentration of
solutes in the dialysate solution was sodium 140, bicarbonate 35,
potassium 3.0, calcium 1.5, and magnesium 0.75 mmol/l. If
hypophosphatemia developed during SLED, it was managed by
adding sodium phosphate (Fleet enema) to the acid concentrate
(50–100 ml/5 l). Anticoagulation was achieved with heparin (usually
a 1000 U bolus followed by 1000 U/h) or saline flushes of 250 ml
given every 30 min. If SLED was interrupted for procedures, it was
restarted later attempting to complete 8 h of treatment. The same
initial demographic and clinical information, as for the CRRT
patients, was obtained at the start of SLED. Then, the nurses
recorded treatment duration, episodes of filter clotting and
replacement, blood pressure, inotrope use, and ultrafiltration rate.
Cost. The relative costs of CRRT and SLED were determined as
the cost to the hospital. Physician fees and the capital cost of the
dialysis machines and of the portable water treatment system were
excluded, as they were the same for both types of dialysis. We did
include the costs of all dialysate and fluids, filters, tubings,
concentrates, infusions, laboratory tests, medications, and dispos-
ables that are related to dialysis (the cost that was paid by the
hospital to the supplier). Labor costs were assigned only to HD
nurses at $37.50/h based on the hourly wage plus benefits for the
most senior registered nurses. For CRRT, we estimated that HD
nurses spent 1 h/day, assisting CRRT therapy; for SLED treatments,
we assigned 9 h/treatment for two patients. We did not assign cost of
ICU nursing time, as the nurse:patient ratio was generally 1:1
regardless of the dialysis modality.
Anticoagulation. The effectiveness of anticoagulation was
assessed as the duration of filter life for CRRT and as the number
of episodes of filter clotting requiring filter replacement for SLED.
For CRRT, filters were routinely changed at 72 h by protocol, if
clotting did not occur earlier. For SLED, the nurses paid close
attention to the state of the dialyzer. When incipient clotting was
noted (usually after 4 h of dialysis), the circuit blood was returned to
the patient and the filter was replaced, avoiding blood loss.
Small solute clearance. Small solute clearance was compared
using morning and time-averaged serum creatinine values after the
first 3 days of dialysis, when serum creatinine approached steady
state. Kt/V for CRRT was derived by estimating daily urea clearance
as the total daily filter effluent divided by an estimate of V (as
0.6 body weight in kg for men and 0.55 body weight for
women). For SLED treatments, Kt/V was calculated using formal
single pool, variable volume urea kinetic methods, which required
pre- and post-dialysis blood urea and the next pre-dialysis urea, the
duration of dialysis, the interdialytic interval, pre- and post-dialysis
weight, and an estimate of dialyzer clearance (K). For each patient
starting SLED, dialysis urea clearance was calculated once during the
first treatment by measuring simultaneous dialysate and blood urea
concentrations (dialysate-sided urea clearance). For the estimated K
to calculate Kt/V for SLED, we used the average value of the
dialysate-sided urea clearance for all subjects, as it was impractical to
measure this for each session.
In earlier work, Marshall et al.9 demonstrated that during SLED
dose quantification by Kt/V, solute removal index, or EKR can be
performed using single-pool blood-based methods. We calculated
EKRj and EKRjc using the method described by Casino and
Marshall.10 According to their work, EKRj is best determined using
urea mass removal rate (J), being suitable for ICU patients on
irregular treatment schedules. EKRjc normalizes clearance to the
patient’s average post-dialysis urea distribution volume and is
corrected for an arbitrary urea distribution volume of 40 l, typical
for an average-sized human. Residual renal function was considered
to be zero. For CRRT, EKR was estimated as the total dialysate
collection for 24 h divided by the number of minutes in a day
(1440). EKRc was then obtained applying the same correction
method as for SLED.
Statistics
Results are expressed as the mean7s.d. For comparisons between
CRRT and SLED, unpaired t-test was used for continuous variables
and Fisher’s exact test for categorical variables. Statistical analysis
was performed using Graphpad Prism 4. Costs were expressed in
Canadian dollars; in January 2005, 1 Canadian dollar equaled 0.83
US dollars. The study was approved by the Hospital Research Ethics
Board.
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